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Introduction
Social transmission of behaviors via parental effects and ecological and cultural inheritance has proven to be such a pervasive phenomenon in animals (Danchin et al. 2004; Dall et al. 2005; ) that it has raised a call for an extended evolutionary synthesis (Danchin et al. 2011) . Cultural inheritance of behaviors through social information use or learning in an intraspecific context is com-mon in the animal kingdom (Danchin et al. 2004 ). It has been found to affect various important aspects of animal behavior, such as choice of mates, food, foraging, breeding sites, and nest site features (reviewed in , and therefore can potentially modify selection pressure and influence genetic evolution (Danchin et al. 2011) .
Social information use is not limited to within-species contexts. A growing number of studies suggest that social information use can also take place among heterospecific individuals (e.g., Mönkkönen et al. 1990; Coolen et al. 2003 ; Thomson et al. 2003; Slagsvold and Wiebe 2011) . The prevalence of interspecific social information use is predicted to increase with increasing niche overlap up to a level when costs of competition outweigh the benefits of information ). In other words, putatively competing species can act as a source of social information, which can bring about positive net effects to some or all of the involved parties (Forsman et al. 2002; Goodale et al. 2010 ). However, very little is known about the mechanisms of social transfer of behavior in the interspecific context and its implications for species interactions and coexistence.
If social information use involves adoption of observed behaviors of another species, it increases overlap in behavior-and consequently overlap in resource use between the observer and individual being observed. Hence, the predictions of interspecific social information use are in sharp contrast with the tenet of species coexistence, which states that natural selection should lead to divergence of traits, such as behavior, habitat use, and morphology, among species using similar resources (Pianka 1966; MacArthur and Levins 1967; Schoener 1974; Schluter 2000) . For example, interspecific competition has been shown to limit the foraging niches of an arboreal feeding guild of passerine birds (Alatalo et al. 1987) . In contrast, interspecific social information use predicts that increasing ecological similarity Video 1: Still photograph from a video (video 1, available online) depicting a pied flycatcher pair inspecting an active tit nest. The flycatcher male is attracting the female inside the tit nest. The female can be seen to repeatedly rub the ventral area against the tit clutch in various angles. Video by J. Lahdenniemi. should further facilitate the value of information , and if costs of increasing competition do not exceed the benefits derived from the social information use, then a force maintaining or increasing ecological similarity may exist in many animal communities.
Understanding the conditions and consequences of within-community social information use requires manipulative field experiments (Beltman et al. 2004; Galef 2004; Thornton and Clutton-Brock 2011) . These, however, have rarely been conducted (Reader and Biro 2010) because of the challenges of arranging controlled conditions. In addition, strong inference also requires that the examined context is ecologically relevant while genetically inherited or asocial learning mechanisms can be controlled for. We achieve this by creating, in an ecologically relevant context, an appearance of a neutral, novel behavior that can be readily perceived, cross controlled, manipulated, and replicated in the wild. The observing individual is forced to choose between nesting sites differing only with respect to associated geometric symbols, while an experimentally induced and randomly assigned appearance of choice toward one of the symbols is exhibited by a nearby, previously settled heterospecific Forsman and Seppänen 2011; Seppänen et al. 2011; Loukola et al. 2012) . If there is a response to these biologically neutral stimuli as a consequence of observing heterospecific behavior, then the existence and implications of interspecific social information use in nature are strongly inferred.
The examined behavioral trait, preference of nest site characteristics, is partially genetically determined (Jaenike and Holt 1991; Slagsvold et al. 2013) . It is also an important element of ecological niche in birds and can be under divergence because of increasing costs of nest predation for individuals that overlap with coexisting species in terms of nest site characteristics (Martin 1996) . Yet two migratory flycatcher species (Ficedula albicollis, Ficedula hypoleuca) seem to be sensitive to nest site choices and performance of competing resident tits: they tend to copy the tit's choice when arriving late or the choice of those tits with naturally large clutches , and they clearly reject a novel preference exhibited by tits with naturally small clutch sizes Seppänen et al. 2011) . Flycatchers also increase breeding investment when nesting near territories of tits that have relatively large clutches ). However, the evidence gathered to date about selective information use relative to fitness of the observed individual is inconclusive and open to alternative explanations: the study showing response in copying ) did not manipulate the clutch size of the tits, so the response could have been to, for example, tit parent phenotype, habitat quality, or the amount of food rather than to observable clutch size directly. An experiment with artificial tit nests and eggs implied a rejection response to observing small clutches but was not able to demonstrate copying. Experiments that specifically manipulate correlates of fitness of the observed individuals and measure observers' behavior are therefore needed.
Here, we explicitly test with a manipulative field experiment whether pied flycatchers (F. hypoleuca) use the clutch size of great tits (Parus major) as a basis of decision making. Flycatchers frequently visit tit nest boxes during the period of nest site selection, before the hatching of tit chicks (O. J. Loukola, unpublished data; see also video 1, available online), even when empty nest boxes are abundantly available. Flycatchers also visit tit nest boxes after the hatching of tit nests (Forsman and Thomson 2008) . Great tits regularly kill intruding pied flycatchers in our study populations (O. J. Loukola, personal observation; Merilä and Wiggins 1995) , suggesting that entering occupied great tit nests conveys some benefit sufficient to outweigh the risk of injury or death. In contrast to earlier works Seppänen et al. 2011 ), here we manipulated the clutch sizes of freely breeding wild tits. We test whether pied flycatcher choice between two new neutral behaviors (choosing a nest site with one of two alternative geometric symbols) is affected by observing the apparent nest site choice and manipulated fitness (clutch size: 5 or 13 eggs) of great tits ( fig. 1 ; see "Methods"). Copying the behaviors of others is expected to be adaptive only when it is selective (Boyd and Richerson 1985; Henrich and Gil-White 2001; Laland 2004; Ken- , we predicted that flycatcher choices should more often match with tits having a high fitness correlate (clutch size), while behavior of tits with a poor fitness correlate should be actively rejected.
Methods

Experimental Setup
The experiments were conducted in mixed and coniferous forests in Finland near the city of Oulu and in Latvian pine plantation forests near the city of Daugavpils during the spring of 2011. Nest boxes for great tits were distributed a few weeks before tits initiate nest building along small roads throughout the study area, and tits were allowed to settle freely. The sizes of the study areas were approximately 160 km 2 in Oulu and 185 km 2 in Daugavpils and contained 148 separate experimental setups altogether (84 in Oulu and 64 in Latvia). When tits initiated nest building, nests were randomly assigned to either 5-or 13-egg manipulation. The clutch sizes corresponded to the observed minimum and maximum in these areas. In the 5-egg manipulation, eggs after the first 5 were removed daily from the nest when the female was not present. The removed eggs were added to nests in the 13-egg manipulation. Clutch size manipulation continued until female tits started incubation. Once the assigned clutch size was reached, the tit nest box was marked with a randomly assigned symbol, either a white circle or a triangle (7.5 cm diameter or sides), attached at the nest box entrance (3.2 cm diameter). The front of the boxes was painted black to contrast with the white plastic symbols. An empty nest box with the opposite symbol was added on the nearest similar tree (2-6 m away) to create the appearance that the tit had had a choice between the two alternatives. Boxes were so close that tits aggressively defended both, preventing flycatchers from settling in the vacant box. At approximately 25 m distance from this first pair, two empty boxes facing the first pair were added on adjacent similar trees for the arriving flycatcher, with the alternative symbols randomly assigned to left and right. These four boxes comprised one setup ( fig. 1 ). The setups were at least a kilometer apart to reduce the chances of flycatcher females responding to symbols of other experimental setups.
Measurements
Nest boxes were inspected every day, and flycatcher choices and dates were determined by the appearance of nest material. Some great tits cover eggs with nest material during laying (see figs. B1, B2, available online). We therefore also recorded whether the tit clutch was covered. Adult pied flycatchers were captured when chicks were 13 days old by using passive nest box traps and phenotype measure-ments (age, sex, and length of tarsus) were collected. Age was classified in the field and later ensured from the photographs of the wing and tail feathers, after which individuals were classified as juveniles (first-time breeders) or adults (at least 2 years old; Jenni and Winkler 1994) . In the experiment reported here, each flycatcher pair observed one breeding tit pair exhibiting the preference.
Statistical Analysis
All analyses were done using R (ver. 2.15.1; R Development Core Team 2012). Generalized linear models (function "glm") were fitted to determine variables that significantly predicted the symbol choice of pied flycatcher pair (binary variable: 1 p matching and 0 p opposing the symbol on the great tit's nest box). The full model included treatment (5 or 13 eggs), clutch size information availability (1 p eggs visible and uncovered, 0 p eggs covered), area (Finland or Latvia), date of the choice, symbol on the tit nest, phenotype measurements of flycatchers (age, sex, and length of tarsus), and the interaction between manipulation and clutch size information availability as explanatory variables. The data on age of the male flycatcher and length of tarsus were lacking many observations and furthermore did not have a main effect here; thus, they were not included in model comparisons because of overparameterization. It was possible to analyze the effect of male age without other variables in the same models, and its main effect was not statistically significant. The full model was compared with simpler models, and the model with the smallest Akaike's Information Criterion value (Akaike 1974) was used in inferences (see table A1 ). Treatment, availability of clutch size information, and the interaction between these two explanatory variables were retained in all models because of their ecological relevance to the question.
To derive confidence intervals for the fitted probabilities of flycatchers choosing the tit symbol in both study areas and tit clutch size treatments, we reran the final model with a Bayesian approach based on Markov chain Monte Carlo (MCMC) simulations (function "MCMCglmm"; Hadfield 2010) . We also repeated the Bayesian analysis for pooled data (both areas and all choices together). All MCMC simulations were run for 15,000,000 iterations with a burn-in phase of 5,000,000 iterations and a thinning interval of 10,000. We derived posterior distributions for all combinations of categorical explanatory variables included in the final model from the fixed effects, as well as for pooled data (see fig. 2 ). We then back-transformed the posterior distributions attained in this way to the scale of observations (i.e., probabilities) and determined their 95% highest posterior density credibility intervals (function "HPDinterval"; Plummer et al. 2006) . table A2 ). The clutch size manipulation (treatments: 5 or 13 eggs in tit nest) of the great tit pair explained the symbol choice match of the pied flycatcher pair. In the 13-egg treatment flycatchers copied and rejected tit symbols 36 and 22 times, respectively, while in the 5-egg treatment they copied and rejected them 24 and 29 times, respectively. However, there was a strong interaction between tit clutch size manipulation and information availability (table 1; fig. 2 ). This was because the probability that flycatchers copied the tit symbol increased for the 13-egg treatment size when the clutch size information was available, whereas the response was the opposite when clutch size information was not available. Moreover, old females had a higher probability of copying tit symbols than did young females (table 1; fig. 2 ).
Results
Flycatcher choices in those setups where the information was available (84 setups) are presented in figure 3. Flycatchers strongly copied symbol choices of tits with high clutch sizes and tended to reject choices of tits with low clutch sizes if clutch size information was available because of uncovered eggs. 
Discussion
Our results from two distant study areas (11,000 km) provide conclusive experimental evidence of response to perceived fitness in interspecific social information use. In general, pied flycatchers copied a novel nest site feature preference of great tits experimentally manipulated to exhibit high fitness (clutch size) and tended to choose the opposite alternative if the great tit nest exhibited low fitness. Our results are in line with both the findings of an earlier correlative study ) and the results of an experiment with artificial tit nests and eggs and suggest that selective interspecific information use based on fitness of the observed individuals exists in the wild.
There are two significant findings in this study proving that flycatchers use perceived fitness (clutch size) of the observed individuals as a primary cue of whether to copy or reject observed novel behavior. First, by manipulating the amount of eggs in tit nests in the wild, we excluded the alternative explanations that might influence flycatcher decisions, such as the effect of tit parent phenotype, habitat quality, or the amount of food. Second, we found that if tit clutch size information was not available for flycatchers because of covered eggs, flycatchers tended to make opposite choices compared with the situation when a clutch was not covered (in particular in the high-clutch-size treatment). A plausible explanation might be that clutch size manipulation caused changes in the behavior of tits, such as increasing aggression or boldness, which in turn affected the flycatcher choices. The mechanism behind these possible changes in the behavior of tits due to manipulation is still unknown, but Allander (1997) , for example, found that fitness manipulation caused phenotypic responses in great tit parents in terms of prevalence of protozoan blood parasites.
The flycatcher response was slightly different between the study areas. Flycatchers' preference to copy tits with large clutches was stronger in Latvia than in Finland, but rejection of the behavior exhibited by tits with small clutches was not significant. However, in the 5-egg treatment in Latvia, only 44% (14/32) of available setups were occupied by flycatchers, while occupation rates in the 13egg treatment in Latvia and in both treatments in Finland were much higher (180%). This suggests that most Latvian flycatchers may have rejected the broader location choice of tits perceived to be unsuccessful, and those that did settle there were plausibly less likely to respond to observed poor performance in smaller-scale decisions either. One possible explanation for a higher flycatcher occupancy rate near tit nests with large clutches is an antipredator strategy. For example, if great tits increase their alarm call rate with increasing clutch size when a potential nest predator is present, as Acadian flycatchers (Empidonax virescens) do (Olendorf and Robinson 2000) , then pied flycatchers should garner a larger antipredator benefit when nesting close to tits with large clutches. In addition, we found that old females had a higher probability of copying tit symbols than did young females. According to recent study by Forsman et al. (2012) , old females are probably more experienced in evaluating clutch size and its range than young females. However, our results indicate that older females appear to copy the tits regardless of their observed clutch size and that tit clutch size has more weight in the decision-making process of young females.
A recent study by Cole et al. (2012) provides a compelling reason why clutch-size-sensitive selective social information use may be adaptive and why even novel adaptively neutral preference to geometric symbols can be transferred: the authors showed that female great tits with good problem-solving skills produced larger clutches in smaller foraging ranges and with shorter workday lengths than did nonsolver females, regardless of the quality of nesting habitat. For prospecting flycatchers, clutch size of tits does not necessarily indicate a superior choice directly but reveals competence of the observed individual in decision making. While able to observe and copy, flycatchers are, of course, not able to discern whether an observed tit behavior is simply a species trait, a local adaptation, or an individually learned preference or technique, let alone whether and how a particular behavior might affect fitness. But if the perceived high fitness is a reliable indicator that the tit's choices are on average better than a random choice, then any behavior, even a totally novel one that in reality is biologically neutral (such as preference for a symbol on the entrance of the nest box), should be copied-as is demonstrated here. Conversely, if poor breeding success is a reliable indicator that the tit has poor cognitive abilities, makes poor decisions, and possesses suboptimal learned behaviors (Cole et al. 2012) , then active rejection of the behaviors of that individual is better than simply ignoring the information.
An actively selective strategy to either copy or reject behavior of other species based on perceived fitness of the observed individual can have major consequences for niche overlap and resource partitioning. One of the central paradigms of evolutionary ecology, competition theory, postulates that two species with overlapping niches should be negatively impacted by the presence of the other due to competition, which in turn should lead to character displacement (Brown and Wilson 1956), niche segregation, and avoidance (MacArthur and Levins 1967; Schoener 1974; Schluter 2000) . Social information use strategies sensitive to perceived fitness of the observed individual make niche overlap a more behaviorally and ecologically dynamic phenomenon than assumed by competition theory. Niche overlap should be increased by selective social information use toward the most successful individuals or in favorable environmental conditions that enhance the perceived fitness of the observed individuals. Conversely, active rejection of behaviors of poorly performing individuals can increase niche segregation and reduce costs of competition relative to the least successful individuals and in poor environmental conditions. Selective social information use leading to dynamic adjustment of niche overlap in response to community composition and availability of resources and information may allow invasion or coexistence of more ecologically similar species than would otherwise be possible. In addition, these dynamics may indirectly affect genetic evolution.
Interspecific information use may also entail costs for the individuals being observed ), potentially leading to arms races between attempts to acquire information and strategies to prevent information use. The options for the parasitized individual, such as tits here, are to cease providing information, if possible; to attempt (e.g., by aggression) to close the window of profitable information use ); or to attempt to hide the event spied by the information parasite. As this study shows, egg-covering behavior of tits indeed affects the nest site decisions of pied flycatchers. We may also speculate that if tits that covered eggs did so to counter flycatcher information use, they were also more likely to exhibit other behaviors, such as aggression, to deter copying, resulting in young flycatcher females avoiding the observed tit symbol choice at egg-covered sites (fig. 2) .
Selective social information use may help us understand patterns of and interactions between organization, species richness, and functional diversity of communities. For example, competition theory predicts that, because of competitive exclusion, more diverse communities are more difficult to invade and functional diversity should be larger than that expected by chance. In contrast, selective copying and dynamic adjustment of niche overlap by social information use give the opposite predictions. Indeed, in birds there is little evidence for the biotic invasion resistance hypothesis (Duncan et al. 2003) , and the functional diversity of avian assemblages (Petchey et al. 2007 ) and mixed-species flocks (Sridhar et al. 2012) is often lower than that expected by chance.
We propose that fitness-sensitive social information use, including active rejection of observed behavior, is potentially a general and common phenomenon in nature and may occur in any animal community where individuals' fitness correlates (clutch, litter, or brood size; condition of the offspring; etc.) are publicly observable. There is evidence that animals ranging from insects to vertebrates can perceive and respond to the observed offspring investment or success of others (Doligez et al. 2002; Parejo et al. 2005; Fletcher and Miller 2008) . Why this phenomenon has gone unnoticed before is perhaps because rejection of the behavior of an observed individual performing poorly is in apparent accordance with character displacement and avoidance and because when both copying and rejection occur there might be no obvious population-level patterns despite strong effects, as well as the difficulty in arranging controlled experimental designs.
Our results reveal that novel behavior can traverse species boundaries, potentially having the same effect as innovation, an important component of behavioral flexibility and cultural evolution (Reader and Laland 2003) . This has many important implications. For example, local adaptations could arise from interspecific transmission of behavior more rapidly and frequently than would be expected by intraspecific processes alone. As a result, individuals of species capable of acquiring locally adaptive or rejecting nonadaptive behaviors from other species could be predisposed to invade new regions. Conversely, disruptions of transmission opportunities or a natural lack of this capacity could make a species more vulnerable to environmental change. Furthermore, while the results presented here do not yet demonstrate cultural transmission of behaviors across years or generations, it is nonetheless interesting to note that selective and discriminating social information use is suggested to be crucial for cumulative culture to evolve (Henrich and Gil-White 2001; Enquist and Ghirlanda 2007) . Determining whether adopting and rejecting behaviors of other species influences behavior and resource use across generations and results in emergence of community-wide patterns is a fascinating challenge for future studies.
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